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I .  Introduction 

Our  work,  for  the  contracted  period,  was  mainly  concerned  with 
a  theoretical  analysis  of  the  clashing  beam  charge  exchange  laser. 
Although  this  scheme  for  an  X-ray  laser  was  proposed  more  than  ten 
years  ago  [1,  2,  3,  4],  a  careful  analysis  shows  that  the  pumping 
kinematics  of  this  laser  scheme  has  not  been  fully  understood.  This 
is  due  to  two  related  difficulties. 

Firstly  the  rate  equations  describing  the  pumping  kinematics 
are  quite  complex,  if  they  are  to  include  the  most  important 
competing  processes  besides  charge  exchange  itself.  For  this  reason 
results  published  so  far  were  derived  from  numerical  solutions  [5, 
6].  While  numerical  analysis  certainly  produces  a  unique  result  for 
any  fixed  set  of  paramenters,  this  result  may  be  difficult  to 
interpret  in  physical  terms  without  a  clear  understanding  of  the 
underlying  physical  mechanisms.  In  fact,  we  shall  show  below  that 
physical  interpretations  given  in  the  literature  so  far  are  to  a 
large  extent  misleading. 

The  second  difficulty  is  the  fact  that  basic  parameters  like 
the  charge  exchange  cross  section  remain  quite  uncertain.  The 
standard  reference  to  the  latter  used  to  be  the  theoretical  work  by 
Olson  and  Smith  [7].  Recent  experimental  and  theoretical  results, 
however,  are  in  strong  disagreement  with  their  predictions  [8]. 
Similar  uncertainties,  if  not  as  grave,  are  found  for  other  cross 
sections  of  other  important  processes,  like  electron  impact 
ionization . 


For  these  reasons  we  have  adopted  a  two-fold  strategy.  Our 
first  aim  was  to  reiduc^rtke- -set:, qfT^4^p^^at^ns^ such  a  way  as 
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to  still  give  a  realistic  model  on  the  one  hand  and  to  allow  for 
analytical  treatment  on  the  other.  This  goal  has  been  achieved.  We 
have  constructed  a  kinematical  model  which  incorporates  charge 
exchange,  electron  impact  ionization  of  target,  and  plasma 
screening.  A  similar  model  results  from  reducing  the  rate  equations 
of  Copeland,  Mahr  and  Tang  [6].  The  latter  model  does  not,  however, 
incorporate  plasma  screening,  and  leads  to  violation  of  space  charge 
neutrality.  An  even  simpler  model  involving  only  charge  exchange 
and  spontaneous  emission  had  been  studied  before  [9,  10]. 

Since  the  reduced  models  can  be  solved  nearly  completely  by 
analytical  means,  the  basic  physical  mechanisms  and  their  dependence 
on  cross  sections  and  initial  conditions  can  by  analysed  and 
understood.  This  relieves  at  the  same  time  the  problems  caused  by 
the  above  mentioned  uncertainties  for  the  cross  sections.  We  have 
checked  our  analytical  results  numerically  while  this  report  was 
being  written,  and  found  excellent  agreement  between  analytical  and 
numerical  solutions  in  every  case. 

As  is  to  be  expected,  electron  impact  ionization  of  the  alkali 
atom  target  affects  the  conditions  for  population  inversion 
negatively.  In  this  respect  predictions  based  on  the  earlier 
Arizona  group  model  were  too  optimistic.  On  the  other  hand  the 
situation  is  much  better  than  one  would  expect  on  the  grounds  of  the 
(wrong)  model  of  ref  [6],  which  violates  space  charge  neutrality.  A 
more  detailed  summary  is  given  in  section  5. 

Our  second  aim  was  to  set  the  ground  for  more  reliable 
calculations  of  cross  sections.  A  point  of  concern  was  that  the 
presence  of  intense  radiation  from  spontaneous  and  stimulated 
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emission  of  the  excited  Helium  atoms  might  influence  the  cross 
sections  for  electron  impact  ionization,  which  was  seen  to  be  an 
extremely  important  process.  This  possibility  was  demonstrated 
before  for  processes  involving  the  emission  of  charged  particles 
[11].  In  fact  it  had  been  predicted  recently  in  the  literature  that 
the  presence  of  intense  laser  fields  would  lead  to  an  optically 
induced  band  structure  for  charged  particles  [12].  Such  an  effect, 
if  present,  would  strongly  modify  the  phase  space  available  for 
electrons  emmitted  in  impact  ionization,  and  hence  affect  the 
ionization  cross  section.  A  careful  theoretical  analysis  of  this 
problem  showed  that  the  predicted  optical  bandstructure  is  an 
artifact  of  the  non-relativist ic  approximation  used  in  ref  [12],  and 
will  not  be  observed  in  reality  [13]. 

In  section  2  we  shall  describe  the  three  models  used  in  the 
analysis  of  the  pumping  kinematics  of  a  charge  exchange  laser.  In 
section  3  we  discuss  the  solutions  to  the  rate  equations  of  the 
models  considered  and  the  physical  processes  described  by  these 
solutions.  Several  examples  of  numerical  solutions  are  presented. 

We  also  derive  the  implications  of  our  results  for  a  working  charge 
exchange  pumping  scheme.  In  section  4  we  give  an  account  of  our 
theoretical  analysis  of  the  "bandstructure"  problem.  The  results 
from  this  and  the  charge  exchange  work  are  finally  summarized  in 
section  5. 

II.  Models  of  Clashing  Beam  Charge  Exchange  Reactions 

In  the  clashing  beam  charge  exchange  a  pulse  of  He  plasma 
collides  with  a  cloud  of  alkali  atoms  (Cs)  at  relative  velocity  v 
(see  Figure  1)  . 


In  this  situation  both  the  positive  ions  and  the  electron  in 
the  plasma  will  collide  with  the  alkali  atoms.  The  first  process 
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leads  to  the  desired  charge  exchange  reaction,  while  the  second 
process  leads  to  the  undesired  electron  impact  excitation  and 
ionization  of  alkali  atoms.  There  is  an  important  difference 
between  these  processes:  while  charge  exchange  leads  to  depletion 
of  both  plasma  ions  and  alkali  atoms,  the  ionization  process  leads 
to  a  buildup  of  electron  density  and  a  depletion  of  alkali  atoms. 

On  these  grounds  one  would  expect  the  ionization  process  to  dominate 
after  the  plasma  has  penetrated  into  a  sufficient  depth  of  the 
alkali  target.  It  is  for  this  expected  long  run  dominance  that  we 
consider  electron  impact  ioni’.ation  the  most  important  competing 
process,  and  we  have  confined  our  attention  to  this  in  order  to 
maintain  a  manageable  kinematical  model. 

While  our  first  guess  about  the  ionization  process  is  confirmed 
by  the  results  discussed  below,  its  full  impact  can  only  be 
understood  when  we  compare  these  results  with  those  from  a  model  in 
which  the  ionizat>-n  process  is  absent  [7,  8].  In  this  latter  model 

J 

a  dynamical  steady  state  situation  develops  almost  immediately  after 
the  colliding  beams  begin  to  overlap,  a  situation  with  has  not  been 
fully  realized  in  the  literature  thus  far  (see  Ref.  6),  where  it  is 
stated  that  buildup  of  ground  state  helium  would  make  inversion 
impossible  further  away  from  the  leading  edge  of  the  alkali  target. 
Taken  as  a  general  statement,  this  assertion  is  in  variance  with  our 
solutions  for  the  simplest  kinematical  model  [9,  10]. 

A  second  important  point  about  the  ionization  process  is  that 
the  buildup  of  electron  density  is  limited  by  plasma  screening, 
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resulting  in  an  overall  balance  of  positive  and  negative  space 
charges.  This  screening  effect  has  to  be  built  into  the  rate 
equations  explicitly.  A  failure  to  do  so  will  give  unphysical 
results,  since  the  unscreened  rate  equations  do  not  conserve  charge 
neutrality.  This  point  was  overlooked  in  ref.  [6]  (see  Eq.  4e) . 

In  the  following  we  shall  discuss  three  models: 

a.  charge  exchange  and  spontaneous  emission  only, 

b.  charge  exchange,  electron  impact  ionization,  plasma 
screening  and  spontaneous  emission, 

c.  charge  exchange,  electron  impact  ionization  with 
violation  of  charge  neutrality,  and  spontaneous  emission. 

Both  models  a)  and  c)  are  unphysical.  They  are  however  the 
only  models  which  have  been  treated  in  the  literature  so  far,  and 
serve  to  illustrate  the  main  features  of  the  more  realistic  model 
b)  . 

The  rate  equations  are  as  follows: 

Model  a) 


h  N°  =  - 

Model  b) 


(lb) 


3_ 

3y 


n 


+ 


-  n+N( 


(lb) 
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n+N0  -  q'  (n+  +  N+)Nq 


(2b) 


+ 


(3b) 


Model  c) 


3_ 

ay 


n  = 
+ 


-  "+N0 


(lc) 


n+N0  -  qe_N0 


(2c) 


3_ 

ay 


e 


=  qe_N0 


(3c) 


For  all  models  the  density,  n of  excited  helium  and  the  population 
inversion  An  are  given  by: 


a_ 

3y 


n*  +  n+N0 


(4) 


(5) 


no 


(6) 


Here  n  +  ,  n*  and  nQ  are  the  densities  of  ionized,  excited  and  ground 
state  helium.  The  densities  of  neutral  and  ionized  alkali  atoms  are 
denoted  by  N 0  and  N  +  . 

The  alkali  target  is  assumed  to  be  at  rest,  and  the  helium 
plasma  moving  in  the  positive  y  direction  with  velocity  v. 

x  =  vt  -  y 

gives  the  position  in  the  comoving  frame  of  the  plasma,  measured 
from  the  leading  edge  of  the  plasma  pulse. 

Both  x  and  y  are  measured  in  units  of  the  decay  length  X  of  the 
excited  helium: 

X  =  v-xHe  =  5x10  3  cm 

for 

v  =  107cm/sec,  x^e  = 

The  alkali  density  is 

ft  =  (oX)  1  =  1017cm  3 

for  a  charge  exchange  cross  section  of  a  =  2xl0~15  cm2. 

For  model  c)  the  electrons  are  assumed  to  drift  freely  with  the 
same  velocity  v  as  the  helium  atoms  and  ions  [Equation  3.c].  In 
reality  however  the  electrons  are  screened  over  distances  of  the 
order  of  Debye  length  .  For  an  electron  density  of  10  16  cm"3  and 


5x10" 1 °sec 

measured  in  units  of  the  density 
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a  plasma  temperature  of  30  eV 
Xp  =  4x10  5cm, 


which  is  two  orders  of  magnitude  smaller  than  the  scale  of  length 
We  have  therefore  assumed  strict  charge  neutrality  in  model  b) ,  and 
put  the  electron  density  equal  to  the  density  of  positive  ions, 


e  =  n  +  N 
-  +  + 

in  the  second  term  of  equation  (2b).  q  and  q'  are  the  ratios  of 
electron  ionization  cross  section  to  charge  cross  section;  the 
latter  multiplied  by  the  ratio  of  average  thermal  electron  velocity 
to  average  drift  velocity.  This  modification  is  necessary,  since 
the  electrons  are  confined  to  the  interaction  region  in  which  a 
steep  gradient  of  the  neutral  alkali  population  occurs. 

Ill .  Solutions  of  rate  equations  and  physical  interpretation 

The  initial  conditions  for  the  rate  equations  in  Sec.  II  are 

n+(x,0)  =  a(x)  =  plasma  pulse  shape 

N0  (0  ,y)  =  b(y)  =  alkali  target  shape 


With : 


A  (x)  =  Jdx'a(x') 
0 


equations  (la)  and  (2a) 


n+(x,y)  =  a  (x)  - 
1 


B(y)  =  Jdy'b(y') 

0 

are  readily  solved: 

gA(x)  -  B  (y ) 

I  e-B(y)  +  e  A  ( x )  -  B (y) 


(7) 


No (x , y ) 


b  (y) 


_ 1 _ 

1  .  e'B(y)  +  eA(x)  '  B(y) 


(8) 


Two  regimes  are  of  interest:  the  transient  regime  (exp(-B(y)) 
and  the  steady  state  regime  (exp(-B(y))  <<  1). 

In  the  steady  state  regime  a  well  defined  interaction  region 
develops.  Steep  gradients  in  the  densities  occur  at  the  location 
xQ,  y 0  where 


A(x0)  -  B  (y  o )  =  0. 


In  this  interaction  region  we  have 

A  ( x )  -  B  (y )  =  a(x0)(x-x0)  -  b(y0)(y  -  y0) 

(9) 

to  a  good  approximation,  since  the  rise  distances  of  both  plasma  and 
alkali  population  are  some  orders  of  magnitude  larger  than  the  unit 


of  length  X  . 

From  (9)  we  have 


x0  =  v(t-to)  -  (y-yo)  =  a  (xq j  (y  "  yo) 


’  ruTT-^blTTl  '  ' 


veff  ’ 


showing  that  the  interaction  region  moves  at  an  effective  velocity 
veff  <  v  into  the  alkali  target.  In  this  dynamical  steady  state 
situation  the  region  to  the  left  of  the  interaction  region  contains 
Helium  plasma  and  alkali  ions,  while  the  region  to  the  right 
contains  neutral  Helium  and  alkali  atoms  (see  Figure  1).  It  is 
precisely  this  difference  between  effective  velocity  of  propagation 
of  the  interaction  region,  and  actual  drift  velocity  of  the  helium 
plasma,  which  makes  it  necessary  to  explicitly  account  for  plasma 
screening.  Hence  the  positive  space  charge  in  the  left  region  is 
compensated  by  a  corresponding  negative  electronic  charge,  while  no 
electrons  penetrate  into  the  right  region. 

Once  the  densities  n+  and  are  known,  the  density  n *  and  the 
inversion  An  are  determined  by  4.5  and  4.6.  This  is  the  case  for 
models  a,  b,  and  c.  We  note  that  a  steady  state  inversion  develops 
'for  model  a),  if  the  threshold  density  of  alkali  atoms  is  exceeded. 

In  the  model  analysed  here  the  buildup  of  ground  state 
population  will  not  prohibit  inversion  further  down  stream,  since 
this  population  is  drifting  out  of  the  interaction  region  at  a 
velocity  larger  than  the  effective  velocity  of  propagation  of  that 
region . 

This  situation  may  be  different  in  reality,  where 
backscatter ing  of  helium  with  a  resulting  spread  in  velocity 
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distribution  will  occur.  The  effect  will  be  especially  harmful  at 
alkali  densities  just  above  threshold,  since  the  inversion  density 
is  then  one  order  of  magnitude  or  more  smaller  than  the  densities  of 
excited  and  ground  state  density. 

Two  plots  of  excited  and  inversion  density  illustrating  the 
steady  state  kinematics  are  shown  in  Figures  2. a.  and  b.  Helium  and 
cesium  densities  are  1  and  10,  and  the  two  points  of  observation  in 
the  alkali  target  are  separated  by  one  unit  of  distance. 

An  analytical  expression  for  the  density  of  excited  helium  and 
inversion  is  obtained  from  4,  5,  and  6: 


■•■f 


dy ' ^n+  N  g 


(11a) 


ri  +n*+ng=a(x) 


(lib) 


An  = 


..y'-xrl 

3  o  + 


dy ' e3  3  [y  N _n 


(a  -  n  )  ] 


(11c) 


These  formulae  are  generally  valid.  Using  the  solutions  7)  and  8) 
for  system  a),  which  is  the  most  favorable  if  unrealistic  situation 
(no  competing  processes) ,  we  derive  the  following  necessary 
condition  for  positive  inversion: 


b(y0)  >  3 


(12) 


where  y  is  the  position  in  the  alkali  target  at  which  inversion  is 
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expected.  Numerical  evaluation  of  integral  (11c)  shows  that  b  =  3 
is  indeed  the  threshold  for  positive  inversion  [8]. 

This  result  can  also  be  understood  intuitively.  The  rate  y  at 
which  excited  helium  is  produced  by  charge  exchange  is  given  by 

y  =  v  •  a  •  N  0 

For  inversion  to  occur  y  must  be  larger  than  the  decay  rate: 
y  >  x  1  .  hence  N  >  — - —  =  ft  , 

and  N q  >  1  in  the  units  defined  above. 

Inversion  densities  in  the  steady  state  regime  are  typically 
one  order  of  magnitude  less  than  the  helium  plasma  density  in  the 
pulse  at  the  location  defined  by  the  interaction  region  [7], 

In  the  transient  regime  inversion  is  always  achieved  as  long  as 
the  helium  has  not  penetrated  more  than  about  a  decay  length  into 
the  alkali  target.  However,  inversion  densities  will  be  several 
orders  of  magnitude  less  than  in  the  steady  state.  This  is  most 
easily  seen  in  the  limit  were  the  penetration  depth  is  about  an 
order  of  magnitude  less  than  the  decay  length. 

By  approximating  the  exponential  in  (11a)  by  unity  we  obtain: 

n*(x,y)=a(x)-n+(x,y)  (13) 


A  (x  ,y)  =  j  n*  (x  ,  y ) 
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(14) 


where  the  last  approximation  holds  for  B(y)  <<1.  Since  we  assumed 
the  penetration  depth  to  be  of  the  order  10  3  cm,  this  assumption 
will  always  hold  for  realistic  alkali  targets. 

In  the  Arizona  experiments  ([5],  [7])  alkali  targets  with  peak 
density  of  10  16  -  10  17  cm-3  were  created  by  flashlamp  evaporation  of 
cesium  films.  The  leading  edge  of  these  targets  is  well  described 
by  the  distribution 

No(vO  =  N0p5e"y 

with  a  target  width  of  Ay  =  1  =1  cm.  In  units  of  the  decay  length 

the  leading  edge  is  thus  given  by 

N o (y)  “  N o  10” 1 °y 5  . 

This  example  demonstrates  the  significant  reduction  in  inversion 
density  in  the  transient  regime  as  compared  to  the  steady  state 
regime. 

The  effects  of  electron  impact  ionization  in  the  realistic, 
screened  model  b)  modify  the  situation  described  above  in  some 
quantitative  aspects.  The  main  features,  like  existence  of  a 
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transient  regime  without  threshold  and  a  steady  state  regime  with 
non-zero  inversion  threshold,  are  the  same. 

The  analytical  treatment  of  model  b)  is  quite  complex,  and  will 
not  be  given  here.  Instead  we  describe  its  features  in  qualitative 
terms,  and  present  some  computer  results  for  illustration. 

Since  plasma  screening  confines  the  electrons  to  regions  of 
positive  space  charge,  a  well  defined  interaction  region  develops 
with  no  free  electrons  ahead  of  that  region.  Within  that  region 
screening  also  prevents  an  excessive  buildup  of  electrons,  and 
electrons  are  left  behind  with  the  ionized  alkali  rarget,  as  the 
interaction  region  moves  on.  The  net  effect  is  a  reduction  the 
effective  alkali  density  available  for  charge  exchange.  Figures  3 
a)  and  3  b)  show  excited  Helium  and  inversion  density,  for  a  system 
without  and  with  electron  impact  ionization.  The  reduction  of 
effective  alkali  density  is  apparent  in  the  higher  effective 
velocity  of  the  interaction  region  and  the  smaller  gain.  Figure  4 
shows  the  much  reduced  consumption  of  Helium  plasma  (curve  b)  for 
the  case  of  model  b)  as  compared  to  model  a)  (curve  a) . 

The  unrealistic  model  c)  of  the  pumping  kinematics  studied  in 
Ref.  6  shows  qualitatively  different  features.  Due  to  the  free 
propagation  of  electrons,  the  electron  density  builds  up 
exponentially  by  ionization,  and  no  steady  state  inversion  exists. 
Population  inversion  occurs  only  in  the  leading  edge  of  the  alkali 
target,  and  the  situation  there  is  quite  similar  to  the  situation 
discussed  above  for  model  c. 

Analytical  solutions  showing  this  behavior  can  be  constructed 
explicitely  for  certain  values  of  relative  cross  section  q'.  For  q' 
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The  nearly  instantaneous  depletion  of  the  alkali  target  due  to  the 
ionizing  electron  avalanche  in  this  model  is  shown  in  Figure  5 
(curve  c) .  Curves  a  and  b  show  the  alkali  depletion  as  the 
interaction  region  passes  by  for  models  a  and  b. 

Figure  6  shows  the  violation  of  charge  neutrality  for  model  c 
with  excess  electron  density  in  the  leading  edge  of  the  plasma 
pulse,  and  excess  ion  density  in  the  tail. 

It  is  apparent  from  this  that  previous  evaluation  of  the  charge 
exchange  pumping  scheme  based  on  an  extensions  of  model  c  [6] 
underestimated  the  potential  of  this  scheme.  While  population 
inversion  in  the  leading  edge  of  the  alk-’li  target  is  common  to  all 
models  studied  here,  the  realistic,  screened  model  b)  proposed  here 
shows  that  at  sufficient  depth  in  the  target  a  steady  state 
kinematics  with  well  defined  interaction  region  develops. 

For  alkali  densities  of  about  10  18  cm3  a  steady  state  inversion 
develops.  Inversion  densities  in  this  regime  exceed  the  transient 
inversion  densities  by  several  orders  of  magnitude. 
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4.  Electronic  wavef unctions  in  an  intense  radiation  field 

Intense  radiation  fields  as  those  generated  by  spontaneous  and 
stimulated  emission  in  a  charge  exchange  laser  modify  the  electronic 
states  considerably,  and  can  greatly  influence  cross  sections  for 
collision  and  other  processes  involving  charged  particles  [11].  For 
example  in  an  ionizing  collision  between  an  electron  and  an  alkali 
atom  the  ejected  photo-electron  will  be  accelerated  by  the  radiation 
field.  The  corresponding  shift  the  in  final  electron  energy  and  the 
modification  of  the  density  of  final  states  will  then  increase  the 
cross  section  for  that  collision. 

While  exact  relativistic  wave  functions  for  electrons  in  a 
plane-wave-radiation  field  have  been  known  for  a  long  time  [14,  15], 
their  application  to  a  nonrelati vistic  calculation  of  ionization 
cross  section  is  not  straight  forward.  It  is  therefore  desirable  to 
have  an  independent  formulation  in  terms  of  the  nonrelativistic 
quantum  mechanics.  Such  an  analysis  was  attempted  recently  in  Ref. 
12.  These  authors  predicted  the  existence  of  a  spectrum  of 
discrete  nonrelativistic  energy  levels  whose  level-separations  are 
in  the  microwave  region. 

Such  an  optically  induced  band  structure  would  make  it 
necessary  to  recalculate  ionization  cross  sections  by  using  the 
appropriate  electronic  wavef unctions ,  which  in  this  case  are  given 
by  nontrivial  solutions  of  Mathieu's  equation  [13]. 

In  a  careful  analysis  of  this  problem  [13]  it  was  shown  that 
the  results  of  ref  [12]  are  an  artefact.  This  artefact  results  as  a 
consequence  of  the  nonrelativistic  approximation,  if  the  field 
intensities  are  high  enough  to  accelerate  electrons  to  relativistic 
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velocities.  A  correct  treatment  of  the  nonrelati vistic  theory  was 
given,  and  it  was  shown  that  the  WKB  approximation  is  valid 
throughout  the  nonrelati vistic  regime.  As  a  consequence  the 
influence  of  the  radiation  field  an  ionization  cross  sections  is 
relatively  easy  to  assess,  and  may  be  neglected  for  field 
intensities  in  the  nonrelativistic  regime.  We  refer  to  the  enclosed 
manuscript  for  details. 

5 .  Summary  and  conclusion 

We  have  studied  two  simplified  models  of  the  pumping  kinetics 
in  a  clashing  beam  charge  exchange  laser.  The  first  model  includes 
electron  impact  ionization  and  plasma  screening,  and  is  a  realistic 
description  of  the  actual  situation.  To  the  best  of  our  knowledge 
this  model  has  not  been  studied  before.  The  second  model  does  not 
include  plasma  screening.  It  violates  charge  neutrality,  and  is 
hence  not  a  realistic  description.  An  extension  of  this  model  was 
studied  numerically  before  [6], 

Our  analysis  uses  scaling  laws  to  absorb  all  numerical 
parameters  like  charge  exchange  and  ionization  cross  section  into 
suitably  chosen  units  of  length,  time  and  densities.  Its 
qualitative  results,  therefore,  remain  unchanged,  and  quantitative 
results  are  easily  adapted  should  the  values  of  some  of  these 
parameters  have  to  be  modified  [8], 

Both  models  show  transient  population  inversion  in  the  leading 
edge  of  the  alkali  target.  The  inversion  densities  here  are  several 
orders  of  magnitude  below  the  plasma  density. 

The  most  promising  feature  of  the  first,  realistic  model  is  the 
existence  of  a  steady  state  regime.  In  this  regime  steady  state 


inversions  can  be  achieved,  if  the  target  densities  exceed  a 
threshold  of  about  1018  cm  "3. 

The  inversion  densities  which  can  be  obtained  in  this  regime 
are  comparable  to  the  plasma  densities,  and  are,  hence,  several 
orders  of  magnitude  larger  than  the  transient  inversion  densities. 

On  the  other  hand  the  unrealistic,  unscreened  model,  which  is 
the  only  one  analysed  to  some  extent  in  the  literature  so  far  [6] , 
does  not  exhibit  a  steady  state  regime.  This  is  due  to  the 
exponential  buildup  of  the  freely  drifting  electron  population, 
which  rapidly  depletes  the  alkali  target. 

We  conclude  that  the  prospects  of  the  charge  exchange  pumping 
scheme  are  much  better  than  has  been  expected  before.  Total  VUV 
output  and  gain  in  the  steady  state  regime  will  be  orders  of 
magnitude  larger  than  in  the  transient  regime  studied  so  far. 

At  an  inversion  density  of  5  x  1015cm"3  for  example  the  gain 
would  be 

g  =  1.85xl02  cm  1  . 

The  target  threshold  densities  in  the  steady  state  regime  are 
of  the  order  of  1018  cm  3.  Cesium  densities  close  to  1017  cm”3  have 
been  achieved  in  the  Arizona  experiments  [5,  9].  With  further 
progress  in  Cesium  evaporation  technology  operation  of  a  charge 
exchange  laser  in  the  steady  state  regime  seems  to  be  a  realistic 
possibility. 

The  influence  of  the  intense  radiation  fields  present  in  such 
lasers  on  relevant  collisional  cross  sections  was  also  addressed. 
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It  was  shown  how  the  correct  electronic  states  can  be  obtained  in 
the  nonrelativistic  approximation,  and  the  existing  misconceptions  about 
this  point  in  the  literature  were  corrected.  This  work  lays  the 
ground  for  a  more  careful  evaluation  of  the  relevant  cross  sections. 


alkali  density  Nq  =  10  as  calculated  with  model  a.  Points  of 


N*  AND  INV  Nx  AND  INV 


(without  ionization)  and  model  b)  (with  ionization 


+G(2) 


line: 


For  Figs.  3  through  6  linear  rising  pulse  shapes  were  assumed 
with  maximal  intensity  and  ramp  length  of  5  and  100  for  the  plasma 
pulse  and  5  and  10  for  the  alkali  target.  The  point  of  observation 
is  at  position  y  =  10  in  the  target.  Units  of  length  and  density 
are  defined  in  the  test.  Approximate  values  are 


5x10  3  c  m ; 


N  =  1 0 1 8cm' 3 
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